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ti>£^fl ^]Sl^ ^J-^]7V ^7] tiV^^l tJiiS-Bl afll^lfe 

^^5lJL. ^j-71 cflolE-ll- ^XI^VJI #^3>J1 C-llolEll- ^7l C^] 

^ ^7] v^S-^S. CfA] 7]<U^^. ^7] D|12.B^ ^^^]^^<^ 

S. 3a 

^-^(active restoration), STIlCscalable two transistor memory), gain cell 
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^-^71 °11-S.ell- ^til*>^ ^H^l 1^12-^ "S-^l {Semiconductor 

memory device comprising memory having active restoration function} 

:£ 1^ STTM^ H-B^-^^cf. 

H 2^ £ ISl cfle^^ol ^-^l-^cf. 

:£ Safe ^ ^^U^^HHl 4^ ^s^l ^Is-E^ ^^^1^ M-^vai=]-. 

J£ 3bfe H3a^ ^>^flH» M-B^-i^cl-. 

£ 4afe ^ ^l2^Alc^loil HV£^1 Bil2-el ^J-^]^ 

£ 4bfe -£4a^ 

. H 5fe ^ ^^^1 ;^ll3^AHlofl itj-s. ^J-^lS^ ^H^-^cf. 

£ 6^ ^ ^U^Al-^jofl n}-^ nflS-Bl ^J-^lSl q-H^-i^c}. 

<10> ^ nflSBl ^^1<^1 ^4*1-7llfe ^€7]^^ 

c-flolEi el-^AVolofl Mfl^l(layout)i^fe AA^^^\^ 
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«V£^1 ^ ^7] 4^71^^ ^ISB^I- ^^1^ "^^^S- AV-g-^ ^ 

2fl^l^ ^Wl^m ^i^l ^^lofl ^<^m. 

<ii> ^£^1 pflael ^^^1^ €^ 3.7\] RAM4 ROM^S. RAM^ ^o] 

'yo.s. >^^#Jl(write) ;^i^j-^H( store) *V°1 9^^(read)^ ^ 
^J-^lolcV. RAM^ RAM<^1 ^^^^ ^^^1 ^msl^ RAM«^1 ^"l^^ ^^l^l^^^V ^i^t^l^ m 
7l^iii7.V(volatile memory) <^m-. 
<12> ^^Bl<HlA-l ^-l^^^J-^lS. AV-§-s]fe DRAMofl^i, ^■1^^^V7l 

4^ m ?S3||AlEKstorage capacitor)^ ^7] ^i^^ ^l^flAlEl^il 7;\^^^ ^^V* gl7l ^ 

<i3> oiai^ DRAM^ ^iS-el ^^>^ ^1^^ ¥^d^-^<=^l ^^V'^ 

^v^^cV. ttl-el-^^ DRAM^ ^7] ^i^J- T^sflAlE-lofl ^7] ^<^1 ^^7] ^^V* 

5l4(restoring)*>7l ^7H«?1 slS^ll4^» €^5. t!ri=f. 

<14> ROM^ R0M<^1 ^^^^ ^V^^^ ^^<^1S, R0M«H1 ^^^J-^ ^^>» ^ 

ojtj. oj-el-Al ROM^ 7l^^/^Knon-volatile memory) ^1 4. ^^^^ ROM^ ^7]^ 

91 ^3.^)^9 ^^S. t\7] ^^4. ^ ^v^ofl tc)-^ tiVH^l ^issl ^^^Hl A>-§-sl^ ^ 

^^7l^^ ^3.^<^] ifltb «fl^7l^^ US 6,169.308<H1 

7]^^^o] 9X^. 

<15> H 1^ #sflfi1 STTM^ M-El-ifljl, £ 2fe H IS^ STTMCscalable two 

transistor memory; o]^} 'SITM'olBl- tVi:f.)^ tfl^^oj ^ISS-i- M-B^-vflc^. H 1 ^ £ 
21- ^S*>^. 10^ -^Sl^ 7]:^^ 20^ ^^1^(sensing line. ^]^^ 
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.<?](bit line))^ M-Bl-vflJl, 30^ ^^1^^ M-Hl-^cV. 40^ ^<?i^Kfield 
insulator)* q-H^-tflJl, 50^ ^9l^l(<^l^tfl 7\]o]^ ^s^^igate oxide))* ^E^-^cf. 
60^ c11olE-1&|-<a^ u|-B|-ifljL, 70^ x-l^i^= (storage node)* ^^^JL, 80^ ^^:^e1-'y( 
^Ef. TflojE^ M-el->^q-.)-g: M-Ef'^cl-. ZLS^JL 200^ STTM^I ii|l2.5l 

<16> ;^-1^2r::^(70)<^l ^i^^ cHolEK^fe ^^1")^ ^e]-*?] (80)<^1 ^^a-^ 3^1 

oil tq-e^. -H-^Uhold), ^#(read)s|7lt+. tllolB^ Hl-'?1(60)^^ c^lojE^^ 

^^5)^ H?!-:*!! 7^]^b:.^m)S. 7l^g^4. 51-<^1(60)^^ Cfl 

oiE-1* ;^-1:^j-i.^(70)S. 7lS3^V7l ^t!: ^^B.ei-ol(80)^ ^^.^efl't^ xH>i^^(70)oll ^n^" 

^ cfloiE-1* tiise^-oi(20)-^s- ^#^>7i ^tt ^^^]^^i2l0)^ tfl 

o-|Ei s-^^ ^tb ^^^]^m230)^ ;^-1^j-iiH(70)S. cll«^lE^ 21-^(60) 

<17> £ 1 ^ H 2ofl ^^]^ STTM^ 7l^^^VS 7fl^£l^i:f. ^^IM- 4^^^^ 

El^(polycrystalline silicon)^ A>-g-^H ^l^^l^ STOISl ^^^o] ^ov^H 

St™<^1 ^-I^^ slJL, at!: ^ St™<^1 ^i^^ ^:a7> sl-^iil 

^ g:|<>^^fl7l(destructive read)* STm<^l ^^^^^ '^^M^ 

^ ^o]^ nv\t\)^ nfl^>4 STTM^ H ^31-1- STTMoll i^^l ^<H<=>> 

^ 4^(active restoration)7l^<:>l ^A^^. STIM^ ^^7]^* ^S.^ 
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^€ n^'M^ •*H')4 ^tfl ^^^(c^l^cfl 's.^')^ 7}^]B.^, 

o] ^^^4 al-cflo^ ^^^^ 5}-^ cflolB^l- STTM(200)<^1 ^^^4. 
<i9> ttj-e^-A-l ^sfl^l STTMol ^^fl^isl^ , STTM# :^^(<^l?icll ^ H 

<21> >^7l 7l#^ Sf^dll- ^^^^>7l ^tb ^£^1 ^aBl ^^1^ ^Ul]-^-^S- till<i3£l^ ^ 

>a-7l ^^I^^S] C^lolEi* ^^■t}IL aV^^ >^7l Cilo]E-ll- ^7] Z^]o] 

B\ el-^^O.^ #^*]-7l ^^l^#7ll- ^7] ^^l>{d>^5] C-HolE^o^ ^a^^ 

4V7I c^]o]E^ B]-<y^d-^ C)lo]E^o^ ^^^52]- A-^^ aVc}]o]31, >^7l t-)lo]Ei 5]-^^V2) C^J o] E] ^ 
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^^7l^# ^^fe x^3.^s] ^:)H5^-^o.5. ;^li^^<^l -§-^*]-<^ ^^7] 

^V'^ ^7l ^^71^* ^12.5^3^ 7l^€l=f. ^71 ^ll^<a-^ ^71 

42^^^^^ V^T^. ^7] 4^7]^^ Tifls&l^ STTMCscalable two 

transistor memory) 

<24> ^^7] 7]^^ 4^11- ^^^sV7l ^tV ^S.n] ^]SL^ ^lltilMel-<?l, /5illDilo]E^ 

5]-^ ^ 'a-71 5^-613}. >g.7l ;«fll0|]olEi e^-^Al-olofl ^^£)^ Tfll ^^2^ ^■^7]^ 

* ^IS-H^l- ^al^m ^111:^; ^12«1S51-^. ;^12t:-11o1e1 ^<^^ ^ ^7] :^]2^^^<n 

3\- ^7] ;^l2t-llolE^ efoiAVojoii ^^5]^ ^]2^^^ ^^7l^# «ll2.s]l- ^^]t}^ 

IcflolE^ Bl-ol A\o]6\] ti>^ ^^]-^7l- ^Hl^>D^, ^7] 4l^]^^9l^ ^7] 

^^1^#7llr -^^H ^J-71 ;^l2C-llolEi 5}ol3j. ^^7] ;^lli:-l]olEi ^o]^ Aj.7] 

^J-^1##7ll- -^-7] ^l2tilM5^-<y4 ^^£lJ7, A>7] z]- tilHe]-o1>a-o] t-flolE-] 

^ ^^^^ ^7l Z^- cflojE^ e^-Ol>^o^ no]^]S\ ^^^J!\. A^S. wVcflolJi, ^7l ^ ^o]B\ ^ 
0]^^$^ dlojEi^ Aj-71 cfl^Sl^ ^11^-^^ ^^71^^ v\]3.^ S.^ ^12^-^^ 
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<25> ^7] 7]^^ ^^^*>7l P|lS.el ^J-^lfe Wl^el-Ol; pIIoIe] B^O^] 

^ ^€71^^ ^s.E^fi^- ^7] ^v^sis^ en^i^si- ^^^^t^. 

<26> ^7l 7l#2^ Sf^ll- ^^^^}7] ^tb ^£^1 ^^1^ WlEe^-O]; ^H^oj-^j. ^ 

7] VllEe^olA>olofl ^^SlJL, ^lolAl:^o11 -S-^^H WIEE^-oI^ ^7] ^ll^-y-^ :^ 

^^1*1-^ ^S-; tflolEl sl-ol; ;5ll2^^g-3l- no]B\ B\o]^\o]6\] 

^7] 4'^^:^<^] -§-^*H ^7] t^o]^ 5l-<?14 Aj.7] ;^l2^<a-^ i^^l*>^ »l2i^^l ^ 

5-; ^7] wiEe}oi4 ^V7i t^ioiE] el-oiAHofl ^^s)^ 4€7l¥^ 
^l3^'a-4 -^71 T:flo]Ei 5i-<y^ ^^*>^ m^^^ ^71 4^ 

<27> ^ ^i^o^ :^3)-^o^ o]^ ^ ^ ^Vxg5^ ^X\6\] ^^.C^ ^^^^^ 

#^trl o]^^\7] ^^A^^ ^ ^xgo^ ul-^^jtl: ^Al«mi. c4lAl^>^ ^ £ 

<28> o]t}, ^^t!- %l-3:^><^ ^ ^^1<^11- ^'^^-^.S'^^. ^ 

^^tb^. ^^^] ^lA]^ ^2:^^^ ^'ath 

<29> £ 3a^ ^ ^^^1 ;mi^AH]6il aV^^l dUS-E) ^^^]9] sl^Hl- M-BV'a^-. £ 

Sal- aVJE^l °fl-E-S^ ^^1(300)^ a] (sensing line, ^]^} 'Sl'o]s^ 
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^tJ^,), cflolE^ ej-^(data line. ^]^} 'DL'o]^ ^^.), STTM ^]S.^ «(310, 320) ^ 
inverting sense amplifier; 330)* 
:30> tiV;^ ;7j-^i ^3-71(330)^ ^wlBi#(331, 333)^ 5^-ol(DL)^ 91^ 

eK331)s1 «^j^^<^l ^^S)JL tilHe^-oi; SL)^ «?lttlEK331)Sl ^^^-^l ^ 

HmEl-<el; SL)^ ^iHe1(333)^ <a^^<^l ^^5131 c|l<^lBl e^-ol 

(DL)^ ^wlE.K333)^ 

c3i> :£ 3b^ S. 3a^ -^V^S* £ 1 tfl^l i 3bl: ^^^^V^a. 4 STTMCSIO. 

320)^ :=^ll«oH1=(<^l^tfl /ilS.«j-*^)^S. Bfl^S)^ ^;^l^(SL)3il- ^o]^] h1-^(DL)aH'^1 ^ 
^^cf. :^y^]^^■7]mO)^ ^^1^(SL)4 t-llolBl El-^(DL)AHoil ^^S)jl, 

^^l-idCSD^j-^l ciloiE-li- ^;^1^>J1 ^#^>Ji ^^^1?^ t-iloiE-1 2^-01 (DL)^S. #^^>JL, 
c-flolEl sl-^(DL)^i-^ tflolE^l- #^^>JL tiJr^^l^ ^^1^(SL)^>-^S. #^t!r4. 

<32> tiV:^ ^^71(330)^ ^^l^(SL) ^"11*^1^ Bl-^(DL)S] c-flolElofl -g-T^-^r} 

<^ ^^^l-^dCSL) ^/^^ tflolE-l el-ol(DL)^ ^^^^ ^>Efl(S, /S)S- ^^c^-. £ 3b<^1 
€ 44 ^^1 ^^71(330)^ t:V^7]lS] MOS E.^^]^^^i33l, 333, 335, 337) 

<33> :?]-^l^(SL)4^4 ^<^]^^ ^^^('^1^'^ ^H(high))^ ^7] ^o]^ ^<^iDL)^^ ^ 

olEi^i ^A^Co^l^cfl (low))3l- wVcflolcf. oil^cfl ^V^^^l ^#71(330)^ 

<y ^1-^1^(SL)^1-51 c^lo]Ell- ^^■t}5L tiV^^ ^^1^ cll<^lBl# ^o]^] B\<^ 

(dD^^S. ^] t-flolEl el-^(DL)^J-Sl tflolEl^ STTM(310)4 



25-10 



1020020055966 ^^ *^^\- 2003/2/22 

ha^s. 7l<asis.s., st™^ ^til^Vfe ^H^l ^s.^ ^€71^1- ^^^T^f. 



<34> 1^ STTM^ ^i^ii-^(70)^ ^£^1 7l:^(10)^Hl ^^^s)^ TflojE 

(injection))5l7lM- ;^H^i^-^(70)S^B] «]:^( discharge)) ^4. 

<35> c^]^xj{{ STTM^ ^HVi^^(70)'^l ^i^^ c11<^lBl(a^ ^^V)^ STTM^ ^^:E.el-<y (80, 
WLn)^^ ^ll^'^-'^l -S-^*V<^ ^^1 '54(20, BE^ SD^S. ^%^JL, t^]o]^ 

^9li60)^^ t^]o]^^ ^JBe}-^ (80)^5. >ll2^'a-oll -g-^*H STTM^ ^^i^^ 

(70)S. 7l<a(^^ ^SJ)^!^. ^>7l /^l2^<a--e-4 ^4. 

<36> i 4a^ ^ ^^S] ;tfl2^A]c^lofl ttl-s- tiVi^] ^J-^l^l M-Bfvflji, £ 

4b^ £4a^ ^^flSl- M-B]-'^x:|-. £ 4a ^ £ 4bl- ^S*>^. wVS^l ^^l-E-^l ^^1(400, 

400')^ ^Ul-^-(410)4 ^121-^(430) ^ ^^7l(420)» ^wj^cf. 

<37> ;^lll:5^-(410)^ ^lltil:^5l-"^l(SLl), ^^illcllolEl 5l-<?l(DLl) ^ >flllwlS.el-<y (SLD^af 

;5flli;-llo]E^ Sl-^(DL1)A]-<51<=>11 ^^5)^ ;«fllSTTM(411)^ T^til5->Ji, ^]2^^ (430)^ ^l2til 

Me|-<a(SL2), ;^l2t^lolEl e|-«?l(DL2) ^ ;^12«1 Eel-ol(SL2)5Jl- ;^12t:-11o1b1 ^91idL2)^\^M 

^^5]^ >^12STTM(431)^ T^wl^cf. 
<38> o]-^ ^;,]^^7|(420)^ ;^lll:^(410):2f ^l2l:§^(430)Al-o]o]l ^^]t}jL, ^jiajES^- 

<?l(SLl)2l- ^llc-flolE] el-«?l(DLl)Al-<^l<^l ^#5)^ ^^SlS.-i-(421, 423)^ ^^It!:^. 

Bl(423)^ ^llwlM2l-<?l(SLl)^l-Sl ^^^]^ ^]m^]^] ^91 (DLl)^S. %^^JL, 
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^wlBl(421)^ >llU-il<5l^ s|-*?l(DLl)^>^ ^^Mn ;^ll«lS5l-oi(SLl)o.S. %^ 

^^1 ^#71(420)^ cfT^7flSl MOS S€^l^t-11-(421_l. 421_2, 423_1. 
423_2)# ^tiltb4. MOS S^^lie^-i-(421_l, 421_2. 423_1, 423_2)^ 

<39> >iUflMs|-ol(SLl)^ ^3-71 (420)1- ^t\c^ ^12^11 ojE] e1-^(DL2)4 

;^llli:-llolBl E}-^(DL1)^ ^^1^^71(420)1- ^l2Wlmel-<?l(SL2)4 

<40> z| wlE5l-ol(SLl, SL2)^l-^ tfl o] ^ 2\ tiV;?!^] S.(421 , 423)<^ 

o]^].o^ z]- cflolE^ el-^^(DLl, DL2)^ cllolE^ol ^iflol4. ^ t-flojEl sfo] 

(DLl, DL2)^l-^ dl^^lBlfe Tfl^S)^ ;^11STTM(411) ;^12 STm(431)-9.5- 7]'^^^^ 

<4i> £ 4a ^ £ 4b<>fl^^^ ^^lf^-#7l (420)1- ^^^f^ ■i-^#(410 , 430)40] cfl 

m]^}^ ^-f . ^H^l ^^3lS.Sl ^^£1- ^7>Al?J 4^ SX^x^ ^^1 ^#71 (420) 

^ <'J=^'H1 «lSel-'?l(SLl, SL2)2l- c-i]olE^ 2l-^(DLl, DL2)2l ^t}^ ^^(balance) 

9X7\] ^l-ol H}-^ ^^1^^471(420)^ iH^^ ^ ^ ^^•'l 9X^. 

<42> £ 5^ ^ ;^13^AH1<^1 ^£^1 ^£51 ^^1^ slS-H* S. 

51- %i-2i^>^. ^^l^#7l(500)^ ^^^l^(SL). ^o]^] ^9liDL), cfl-§-£]^ ^^=Bl-^ 
(WLn, WLn+i)*^! -§-^^l-^ STrM(511. 520) ^ ^^5)^(513)1- ^al^cf. h}-^s]^(513) 
^ '^M]^^ STTM(511)^ t}-L\o] sfl^l^^^ ^^^^4. 
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<43> STTM^ 'g^^^ DTAM<^1 cll^lB] :e.-frAl^(data retention time)<^l ^Jl, ^ 

^ ^^^"fl 1^1-2. El ^^l-HlA] A>-g-s]^ 2fl^l(510)» ol-g-srH STTM^S./ 

<44> £ 6^ ^ ^l4^Alc^loll n^-s. H}-:£^] Dflae) ^V^l^l ^Efiac]-. £ 

6^ ^^-^1(600)^ ^^l^(SL), t-flolE^ 5^-<?I(DL). 

4! ^5.(610), 211^1(620). STm(630) ^ ;^l2i^^lSjS.(640)» ^tiltVrf. 
«t5> ;^ll^^^i:^S(610)^ ^ll^<?]-(VEQH):3l- ^^l-<d(SL)>^Ho)] ^^5)Ji, ^1<>1^S(/EQ) 

<46> ^12:^^1)^^(640)^ ;^l2^<i^(VEQL)4 ^^o]^ E^-'^l (DL)a>oH1 ^^S^Jl, 

(EQ)oll -§-^*H eflolE^ e]-ol(SL)# ;^l2^'a-(VEQL)5ll^^ ^sl^W ^4. ^^^jA^ 
<a-(VEQH)2ll'i4 ;^l2^°d-(VEQL)5ll^^ ^iS , ;qll^<a-(VEQH)5ll'iol ;^l2^'a-(VEQL) 

<47> STTM(630)^ -£ 1 ^ £2<»ll ^4 ^^5r}i:»l, ^M^(SL)4 ^^jolEi e]-^(DL) 

4<^1<^1 ^^SlJl. ^^^Hl-<?l(WLn+l)5l ^«a-«^l tr|.2l- X-lxJ-i^^oll X-l^J-^ C^l^lBll- -e-^1 

<48> 2fl^l(620)^ STTM(621) ^ >^l3i^^'2l 5.(623)1- n^^l^i^l-. STTM(621)^ ^;^1^ 

(SD^l- c-flolEl 5l-«a(DL)Al-ol«iil ^^slJL, ^4 = 3^oi(wL)oi ^oj-ofl tcfsl- ;q:^v,^:Boll 
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9X^. m^^^ S1S(623)^ ;^l3^'a-(VDD)4 ^]^]^ H]-^(DL)Al-olc»fl ^^slji, 
(SD^l ^«a-oil -g-^^H ef^(DL)5zl- ;^l3^«a-(VDD)^ ^^Aj^c]-. 

<50> ^ ^ig^ £Al^ ^ ^A] Ofll- ^^^IS^-^M" o]^ ^'^] 

^^1<^17> 7>^^]-4fe oi«)]^ ^<^14. ^ ^^^^ ^^tl: 7l#2^ ^ 

<51> ti>sq. ^ ^i^oil ^£^1 ^1-2.51 ^^1^ ^^]^^.7]S] 

<52> ^ ^T^ofl 4^ tiVH^i ^^^1^ "s-^^ 4^71^^ ^la.el» sfl^l^i 

^S- Af^^ ^ SZ-^:E.^ ^^1^^7171- el)olo].^£]^ ^^^o] ^^3E]^ jL3l-7> o^j^. 
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[^^«^ 11 

v\]3.^ ^^1<^1 SJ<H^1, 

21 
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3] 

^ ^^7l^^ ^IS-fil^ ^:i:^e|-^o.^ ^^^l^ ^li^'a-<^l 

^I2^^g-<^1 -g-^^V<^ ^7l ^€71^* T^2.BlSl Xl^a-i^S-S. 7l<a£l^ 
41 

^l3^J-«fl ^7l ^U^^^ ^7] ;^l2^«a-:a.tq- ^^i-^s. ^1-^ 

51 

9X'=>]^^, ^-^^ ^^7l^^ ^I2.s]^ STTMCscalable two 

transistor memory)^ ^^^.^S. °fl2.Bl ^^1. 
I^^^J- 6] 

4-^7]^-ir DflS-Sll- ^wls>^ tiV^^l TiflSLEl ^j-^l^Hl ^<^^i. 
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t^]o]B\^ 7J-^1^>JL ^^^>J1 ^y] ^71 7j^lAi>a--^s. %%^7] ^ 

71 

4^71^^ 2^^ v\]S.^S^ ^]B.E^o]O^S. "E-^^^ ^ll^'^-'^l -§-^*H ^^71 Wlee^- 
81 

aVS^l '^1^2^ ^j-^l-^Hl 

m ^^7l^^ ^ls.2:il- ^wi^Vfe 

;Hl2WlM5^-ol, ;i]l2cilolEi e]-ol ^ ^7] :^]2^]^^9ls]. ^7] ^o]/^yo]o\] 
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